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(54) Cataiyst for purifying exhau^ gases 

(57) An autonrK3tive exhaust catalyst includes a sup- 
port which is less likely to adsorb SOx contained in 
exhaust gases thereon, an NOx storage compound 
loaded on the support and a not)le metal element loaded 
on the support. The support is an alumina support virith 
a Ti-Zr composite oxide loaded thereon, or is formed of 
a 71-2r or Tl-Zr-Y corrposite oxide. The corrposite oxide 
inhibits the NG^ storage compound, which is selected 
from alkali metals, alkaline-earth metals and rare-earth 
elements, from being poisoned by sulfur, and enhances 
the thermal resistance of the support. Thus, the automo- 
tive exhaust catalyst can effectively purify NOx contained 
in lean-side exhaust gases, even after it is subjected to 
a thermal durability test 
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Descripti n 

BACKGROUND OF THE INVENTION 
5 n Idofth invention 

The present invention relates to a catalyst for purifying exhaust gases. Specifically, it relates to the catalyst which 
can efficiently purify nitrogen oxides (NOJ included in exhaust gases. More specifically, it relates to the catalyst which 
can effidentty purify NOx included in the exhaust gases whose oxygen concentrations are more than required for com- 
10 pletely oxidizing reducing components, such as carbon monoxide (CO), hydrogen (H2) and hydrocartx)ns (HC), included 
therein. In particular, it relates to an automotive catalyst which stores NOx therein in fuel-lean atmosphere, and which 
reduces NOx ^2 and HC in fuel-rich atmosphere. 

Description of Related Art 

15 

As catalysts for purifying automotive exfiaust gases, there have been enployed 3-way catalysts so far which oxidize 
CO and HC and simultaneously reduce NOx- ^or exanrple, the 3-way catalysts have been known widely which comprise 
a thermal resistant support formed of cordierite, a porous canrier layer formed of garmna-alumina and disposed on the 
support, and a noble metal element selected from the group consisting of platinum (R), palladium (Pd) and rhodium 

20 (Rh) loaded on tiie carrier layer. In particular, another 3-way catalyst tias been known in which ceria (i.e., cerium oxide) 
is used together with the stpport the carrier layer and the noble metal element of the former 3-way catalysts. Ceria has 
an oxygen storage capacity, and improves the light-off performance of the latter 3^ay catalyst. 

Rom the viewpoint of the global environment protection, cartoon dkxxide (CO2), which is emitted from internal com- 
bustion engines of automobiles or the like, is at issue. In order to reduce the carbon dioxide, so-called lean-burn engines 

25 ar regarded promising. In learvburn engines, the air-fuel mixture is lean-bumed in oxygen-rich atnrx)sphere. The fuel 
consurrption can be reduced because lean-lxirn engines consume the fuel less. Accordingly, the carix)n dioxide, which 
is mrtted from lean-burn engines as one of the burned exhaust gases, is inhibited from generating. 

TTie conventional 3-way catalysts purify ainrwst all CO, HC and NOx a* the stoichiometric air-fuel ratio. However, the 
conventional 3-way catalysts do not have enough activity to remove NOx under the lean condition. TTius, it has been 

30 desired to successfully devefop an automotive exhaust catalyst and a purifying system, which can purify NOx under 
th lean condition. 

Specifically, the activity of autoniotive exhaust catalysts depends greatly on the air-fuel ratio (A/F) of exhaust gases. 
For instance, when the A/F is larger than 14.6. i.e., when the foel concentration to air is lower than the stoichiometric 
point (or on the fuel-lean side), the oxygen concentration is higher tiian the stoichiometric point in exhaust gases. In 

35 such conditions, the conversions of CO and HC are alrTK>st at the same level as in the stoichiometric condition, txit the 
conversion of NOx <s rapidly decreasing witii inaeasing A/R On tiie other hand, when the A/F is smaller than 14.6, i.e., 
when the foel concentration to air is higher than the stoicttiometric point (or on the fuel-rich side), the oxygen concentration 
is lower than the stoichiometric point in exhaust gases. In such conditions, the conversions of CO and HC are rapidly 
decreasing with decreasing A/F, txit the conversfon of NOx ^ bIwosX at the same level as in the stoichiometric condition. 

40 Moreover, when driving automobiles, especially when driving automobiles in urt>an areas, the autorTK)biles are accel- 
erated and decelerated frequentiy. Consequentiy, the air-foel ratio varies frequently in the range of from the values 
adjacent to the stoichiometric point (air-foel ratio: 14.6) to the fuel-rich side (i.e., in oxygen-lean atmosphere). In order 
to satisfy the low foel consumption requirement during the driving conditions such as in the atxTve-desaibed urt}an 
areas, it is necessary to operate tiie automobiles on the foet-lean side where the air-fuel mixture containing oxygen as 

45 excessive as possit^le is supplied to the engines. Hence, in view of the tow fuel-consumption requirement, it has been 
also desired to develop a catalyst which is capable of adequately purifying NOx even on the fuel-lean side (i.e. , in oxygen- 
rich atmosphere). 

Under the circumstances, the applicants of ttie present invention filed the following patent applications witii tiie 
Japanese Patent Office. For example. Japanese Unexamined Patent Publication (KOKAl) No. 5-317.652 discloses an 

50 automotive exhaust catalyst in which an alkaline-earth metal and R are loaded on a porous support including alumina, 
or the like. Japanese Unexamined Patent Publfoation (KOKAQ No. 5-168,860 discloses an automotive exhaust catalyst 
in which lanthanum (La) and Pt are loaded on a porous support. In these catalysts, during tiie foel-lean side 0 ©-. in 
oxygen-rich atmosphere) driving, NOx is stored in the alkaline-earth metal and lantiianum. Tbe alkaline-earth metal and 
lantiianum are hereinafter referred to as an NOx storage compound. During the stoichiometric-point driving or the tran- 

55 sition area driving, which can be classified as the fuel-rich side 0-e., in oxygen-lean atmosphere) driving, tiie stored NOx 
reacts witfi the reducing agents such as HC, CO, etc. to be purified. As a result, these catalysts exhit)it superb NOx 
purifying performance during the fuel-lean sid (i.e.. in oxygen-rich atnrx)sphere) driving. 

The catalyst, for instanc . proposed in Japanese Unexamined Patent Publication (KOKAl) No. 5-31 7,652, is believed 
to provide tiie advantageous effect as follows; namely: tiie barium, one of tiie alkaline-eartii metals, is loaded as simple 
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caitx>nate on the support and it reacts wHh NOx to produce barium nitrates, e.g., Ba(N03)2. Ttius. NO^ is stored in the 
NOx storage compound as the barium nitrates. 

However, the exhaust gases usually contain sulfur dioxkie(SO^ gas which is produced by I m nt 

(S) contained in th fuel. Further, the catalyst ingredient oxidizes SO2 to sulfur trioxide (SO3) in oxygen-rich atmosphere 

5 (i.e.. on the fuel-lean sid ). Still furth r,S03 reacts readily with wat r vapor, which is also contained in the exhaust gases, 
to produce sulfrt 1 nsandsutfat ions. The sulfite ions and suKat Ions react with th NOx storage compound to produce 
sulfites and sulfates, it has been revealed that the resulting sulfites and sulfates adversely affect the NOx storage reaction, 
which is effected by the NOx storage compound. As a result, the catalyst disclosed in the aforementioned Japanese 
Patent Pii)lications might be poisoned by sulfur to possiWy exhibit degraded purifying performance. 

10 In particular, when the NOx storage compound is turned into sulfites arxJ sulfates, the NOx storage compound can 
fiardly store NOx therein. Consequently, the catalysts proposed in the aforementioned Japanese Unexamined Patent 
Publications might suffer from a drawt>ack in that It exhibits the NOx purifying perfornnance unsatisfactorily after it is 
subjected to a durability test. 

In addition, the catalysts disclosed in the aforemerrtioned Japanese Patent Publicatfons employ activated alumina, 

15 which has a good adsorbing capability, as their support. The support made of activated alumina is also likely to adsorb 
SOx thereon. Accordingly, the catalysts might possibly be poisoned by sulfur facultatively. 

To solve the aforementioned problems, the inventors of the present Invention thought of using a support fonned of 
titania (i.e., titanium oxide), which is less likely to adsorb SOx thereon, and carried out a series of experiments. According 
to the experiments, the Inventors found that SOx ^ ''^^ to be adsorbed on the support made of titania. and that 

20 SOx f to a downstream side as it is. Thus, a catalyst including such a support was poisoned by sulfur to a lesser 
extent, because only the SOy. which contacts with a noble mental catalyst ingredient directly, is oxidized. However, the 
inventors noticed that the catalyst including the support formed of titania has the following detrimental drawt)ack; namely: 
it showed inferior initial catalytic activities, and It kept to exhitDit unsatisfactory NOx purifying performance after it Is 
subjected to a durability test. 

25 

SUMMARY OF THE INVENTION 

The present invention has been developed In view of the aforementioned circumstances. It Is an object of the present 
invention to provide an autonrxstive exhaust catalyst, which can purify NOx at high conversion initially, whose NOx storage 
30 compound is inhibited from t>elng poisoned by sulfur, and whose NOx purifying performance is kept from degrading even 
after It is subjected to a duratxllty test. It is another object of the present invention to irrprove a support so as to be less 
likely to adsorb SOx thereon, theret>y providing an automotive exhaust catalyst, which is inhibited from being poisoned 
by sulfur. 

In accordance with the first aspect of the present invention, a catalyst is provided vtrhich can solve the aforementioned 
35 problems. In a first embodment of the present invention, an automotive exhaust catalyst comprises: 
an alumina support; 

a ThZr composite oxide loaded on the alumina support; 

at least one NOx storage compound selected from the group consisting of alkali metals, alkaline-earth metals 
arxi rare-earth elements, loaded on the alumir^ support; and 
40 a noble metal element loaded on the alumina support 

In the first aspect, the entire Ti-Zr composite oxide loaded on the alumina support cannot necessarily t»e composite 
oxide, txjt a part thereof can be composite oxide. 

In the first aspect, the Tl-Zr composite oxide is foaded on the alumina support The loaded Tl-Zr composite oxide 
can increase the acidity of the alumina support itself. Since SOx ^s acidic, it Is believed that SOx is adsort>ed less on the 
45 alumina support by enlarging the acidity of tf% alumina support. As a result, in the first aspect the NOx storage conrpound 
is inhibited from being subjected to the sulfur poisoning, which results from the SOx adsorptfon. 

Concerning the NOx in the exhaust gas. a majority of the NOx stored in the NOx storage corrpound, which is 
disposed on the alumina support under oxygen-rich atmosphere. The term "oxygen-rich atnfK>sphere" means atmos- 
phere, in v^k;h oxygen concentrations are above a stoichiometric point that is required for oxkjizing corrponents to be 
50 oxidized in the exhaust gas. Then, the exhaust gas is rrxxnentarily cfianged from oxygen-rich to fuel-rich, arxi the stored 
NOx is released and purified by a reactfon with HC and CO in the exhaust gas under stoichiometric atmosphere or fuel- 
lean atnx>sphere. The term "stoichiometric atrrosphere or fuel-lean atmosphere" means atnfx>sphere. in whfoh oxygen 
concentrations are below the stoichiometric point. 

In the first aspect, the loacfing anrx)unt of the Tl-Zr composite oxide preferat>ly falls in a range of from 1 to 80 grams 
55 with respect to 1 00 grams of the alumina support. When the loading annount is less than 1 gram, the resulting automotive 
exhaust catalyst is poisoned by sulfur, and exfvblts degraded NOx purifying peribrmance after a durability test When 
the loading amount is more than 80 grams, the resulting automotive exhaust catalyst has unsatisfactory initial NOx 
purifying perforn^ce, arxi exhO:>lts det riorated oxidatfon activity. 
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The T\'2r composite oxide preferably contains Tl in a range of from 1/9 to 9/1 by molar rati witfi respect to Zr. When 
Ti and Zr are composited outside th range, the effect (I.e., the alumina-support-acidifying effect) resulting from th 
composite oxide tends to be produced less. 

In the first aspect, th NO^ storage compound is loaded on the alumina support and is selected from the group 

5 consisting cf alkali metals, alk^ine-earth metals and rare-earth elemerits. Th term "alkali metals'* means I mentsof 
Group 1 A in the periodic table of the elements. As for th alkali metals, it is possible to exemplify lithium (U), sodium 
(Na), potassium (K), rubidium (Rb), cesium (Cs), and frandum (Fr). The term "alkaline-earth metals" means elements 
of Group 2A in the periodic table of the elements. As for the alkaline-earth metals, it is possit)le to exemplify barium (Ba), 
t)eryllium (Be), magnesiimri (Mg). cateium (Ca). and strontium (Sr). The term "rare-earth elements" means scarxJium 

10 (Sc), yttrium (Y), lanthanum (La), and chemical elements with atomic numbers 58 to 71 . 

The loading amount of the NOx storage compound preferably falls in a range of from 0.05 to 0.5 moles with respect 
to 1 00 grams of the alumina support. When the loading amount is less than 0.05 moles, the resulting automotive exhaust 
catalyst has deteriorated NOx purifying performance. When the loading amount is more than 0.5 moles, the resulting 
automotive exhaust catalyst exhibits degraded oxidation activity 

15 In the first aspect, the noble metal element is loaded on the alumina support The noble metal element can be at 
least one element selected from the group cons^'ng of platinum (R). palladium (Pd), and rhodium (Rh). The loading 
amount of platinum and/or palladium preferat)ly falls in a range of from 0.1 to 20.0 grants, further preferably from 0.3 to 
1 0.0 grams, with respect to 1 00 grams of the alumina support When the bading amount is less than 0.1 gram, the NOx 
purifying capability of the resulting automotive exhaust catalyst is degraded initially and after a durability test. When the 

20 loading amount is more than 20.0 grams, not only the catalytic effect of platinum and/or palladium is saturated, but also 
the excessively loaded platinum and/or palladium cannot be utilized effectively 

Whereas, the loading arTK>unt of rhodium preferably falls in a range of from 0.001 to 1 .0 grams, further preferably 
from 0.05 to 0.5 grams, with respect to 100 grams of the alumina si^ort When the loading amount is less than 0.001 
gram, the NOx purifying capability of the resulting automotive echaust catalyst is degraded initially and after a durability 

25 test. When the loading amount is more tfian 1.0 gram, the thus loaded rhodium adversely affects to deteriorate the 
catalytic effect of platinum and/or palladium, which are loaded together with rhodium. It is furthermore preferred that 
rhodium be used together with platinum and/or palladium. Hence, it is preferred to relatively determine the loading amount 
of rhodium with respect to tfre loading amount of platinum and/or pall^ium. For example, the rhodium is preferably 
loaded in a molar ratio of 1/3 or less, further preferably 1/5 or less, with respect to the platinum and/or the palladium. 

30 In the first aspect, the k>ading order of the Tl-Zr composite oxide, the NOx storage compound and the not^le metal 
element is not specified particularly. Note that, hcwever. it is preferred to load the rK>ble metal element on the alumina 
support after the Tl-Zr composite oxide is loaded thereon in order to highly disperse the noble metal element thereon. 

As having been described so far. in accordance with the first aspect, the NOx storage compound of the resulting 
automotive exhaust catalyst can be inhibited from t>eing poteoned by sulfur. /Accordingly, the resulting automotive exhaust 

35 catalyst can keep exhibiting high NOx purifying performance even after it is subjected to a durability test. 
In a second aspect of the present invention, an automotive exhaust catalyst comprises: 
a support including a composite oxide, the composite oxide being formed of titanium (Tl) and zirconium (Zr); 
at least one NOx storage compound selected from the group consisting of alkali metals, alkaline-earth metals 
and rare-earth elements, loaded on the support; and 

40 a nMe metal element loaded on the support. 

In the second aspect, the s^3port includes the Tl-Zr conposite oxide. When the support includes composite oxide, 
which is formed of titanium (Ti) and zirconium (Zr). it is less likely to adsorb the sulfate and sulfite ions thereon tfian the 
aluminum supports are. Even if the support adsort>s the sulfate and sulfite ions thereon, the adsort>ed sulfate and sulfite 
ions react with the NOx storage corrpourxJ to produce sulfates arxJ sulfite of the NOx storage compound, which decom- 

45 pose readily at low tenperature. 

Concerning the NOx exhaust gas, a majority of the NOx 's stored in the NOx storage corrpound. which is 
disposed on the support under oxygen-rich atmosphera Then, the exhaust gas is momentarily changed from oxygen- 
rich to fuel-rich, and the stored NOx is released and purified by a reaction with HC and CO in tfie exhaust gas under 
stoichiometric atmosphere or fuel-lean atmosphere. 

50 Thus, in the second aspect of the present automotive exhaust catalyst, the k>aded NOx storage compound and the 
sulfate and sulfite ions are brought into corttact with each other at reduced prot^ility, and the NOx storage corrpound 
is inhibited from being poisoned by sulfur. Whereas, the NOx storage corrpound and NOx brought into contact with 
each other at increased probat^ility. Accordingly, the present automotive exhaust catalyst is improved in terms of NOx 
purifying capability. 

55 In addition, when the support is formed of the Tl-Zr corrposrte oxide, the support is stabilized by being composited; 
namely: it is enhanced in terms of heat resistance and acidity. Hence, the support formed of the Ti-Zr composite oxide 
is effective both in th improvement of catalytic capability and in the reduction of SOxadsorpti n. Th thus reduced SOx 
adsorpti n eventually results in the prevention of sulfur-poisoning. 
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In a third aspect of th present inventioa an automotive exhaust catalyst comprises: 
a support including a composit oxid . the composite cocide being formed of titanium (Ti), zirconium (Zr) and 
yttrium (Y); 

at least one NOx storage compound selected from the group consisting of alkali metals, alkaline-earth metals 
5 and rar -earth elements, loaded on the support; and 
a noble metal element loaded on the support. 
Thus, in the tNrd aspect, the support is made by further compositing the support, employed in the second aspect, 
with yttrium (Y). Hence, in the support of the third aspect, TIO2 is inhibited from transforming from the anatase type to 
the ruble type. In other words, the specific surface area of the support is controlled so as not to decrease. As a result, 
10 the automotive exhaust catalyst of the third aspect is further improved in terms of heat resistance. 

Concerning the NOx exhaust gas, a majority of the NOx stored in the NOx storage compound, which is 
disposed on the support under oxygen-rich atmosphere. Then, the exhaust gas is momerrtarily changed from oxygen- 
rich to fuel-rich, arvi the stored NOx >s released and purified t>y a reaction with HC and CO in the exhaust gas under 
stoichiometric atnrK>sphere or fuel-lean atnx>sphere. 
15 The compositing ratio of 71 and Zr, which constitutes the support, is not limited in particular. Note that, however, it 
is preferred that the composite oxide contains the Zr in a range of from 0.2 to 0.5 by tncAar ratio with respect to the Ti 
and Zr. When the compositing ratio tails outside the range, the support has a reduced specific surface area, and its 
acidity (i.e.. the number of acidic sites) cannot increase as expected. As a result the Ti-Zr or Tl-Zr-Y composite oxide 
support cannot operate and effect the advantages fully. 
20 The Ti-Zr or Ti-Zr-Y composite oxide support can be coated as a canier layer on a surface of a monolithic support 
substrate, a metallic support sut>5trate or a pellet-shaped sut)strate. Moreover, a nrxjnolithic support SLi}strate or a pellet- 
shaped sul)strate can be forn>ed of the Ti-Zr or Ti-Zr-Y composite oxide support itself. 

In the second or third aspect, similarly to the first aspect, the NOx storage compound is loaded on the Ti-Zr composite 
oxide support or the Tl-Zr-Y composite oxide support, and is selected from the group consisting of alkali metals, alkaline- 
25 earth metals and rare-earth elements. The terms "alkali metals', "alkaline-earth metals" and "rare-earth elements" have 
the same meanings as aforementioned, and can be exemplified by the elements mentioned earlier. 

In the second or third aspect the loading anrx)unt of the NOx storage compound preferat>ly falls in a range of from 
0.05 to 1.0 mole with respect to 100 grams of the Tl-Zr or Ti-Zr-Y composite oxide support. When the loading amount 
is less than 0.05 moles, the overall NOx storage capacity is so low that the resulting autonrxTtive exhaust catalyst has 
30 deteriorated NOx purifying performance. When the toading amount is more than 1.0 mole, not only the overall NOx 
storage capacity is saturated, but also the resulting automotive extiaust catalyst purifies HC so less that HC is emitted 
in an increased anxxjnt 

In the second or third aspect, the noble metal element, loaded on the Ti-Zr or Ti-Zr-Y composite oxide support can 
be at least one element selected from the group consisting of platinum (R), rhodium (Rh), palladium (Pd), gokl (Au) and 

35 silver (Ag). Note that it is especially prefened to select Pt The loading amount of the noble metal elements preferafcily 
falls in a range of from 0.2 to 40.0 gams, further preferably from 1 .0 to 20.0 grams, with respect to 100 grams of the Ti- 
Zr or Tl-Zr-Y composite oxide support. Note that, when the loading amount of the noble metal elements is converted to 
the value with respect to 1 liter of the entire volume of the resulting automotive exhaust catalyst it preferably falls in a 
range of from 0.1 to 20.0 grams, further preferat)ly from 0.5 to 10.0 grams. When the loading anxxjnt is less than 0.1 

40 gram with respect to 1 liter of the entire volume of the resulting automotive exhaust catalyst, the resulting autonxrtive 
exhaust catalyst does not exhibit catalytic activities practically. When the toading anrxxint is more than 20.0 grams with 
respect thereto, the loaded not)le metal element does not exhibit its catalytic activities effectively, and the resulting auto- 
motive exhaust catalyst is little improved in tenns of catalytic activities. 

Similarly to the conventional automotive exhaust catalysts, the NOx storage compound and tiie noble metal element 

45 can be loaded on the Tl-Zr or Tl-Zr-Y conposite oxide support by an ordinary process, for instance, an impregnation 
process, a spraying process or a slurry mixing process, by ixsing their chlorides and nitrates. 

In accordance witii the second aspect of the present invention, the resulting automotive exhaust catalyst is extremely 
durat)le in terms of NOx purifying performance, because ttie fslOx storage corrpound is inhibited from t>eing poisoned 
by sulfur. In accordance wrtii the third aspect, the resulting automotive exhaust catalyst is further improved in terms of 

50 heat resistarrce, and is furthermore enhanced in terms of durat>ility. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMEfsiTS 

Having generally described the present invention, a further understanding can be obtained by reference to the 
55 specific preferred embodiments which are provided herein lor purposes of illusb'ation only and are not intended to limit 
the scope of tiie apperxJed claims. 
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Hrst Preferred Embodiment 

600 grams of an alumina or active alumina pcmier was imm rsed into lliter of a dinitrodiammine platinum aqueous 
solution having a predetermined concentration, thereby preparing a slurry. TTie resulting slurry was dried to evaporate 
5 the water content, and tiiereafter was calcinated at 250 °C for 1 hour. Thus, a R-loaded alumina r active alumina 
powder was prepared, in which Pt was loaded in an amount of 2.0 grams witii respect to 120 grams of the alumina or 
active alumina powder. 

The R-loaded alumina or active alumina powder was added to 2-propanol to mix, and stirred therein at 80 ""C for 1 
hour. While keeping on stirring the resulting mixture at 80 ''C, tetraisopropyl titanate and zirconium tetra-n-butoxide was 

10 simuhaneously added to the mixture. Note that when simultaneously adding tetraisopropyl titanate and zirconium tetra- 
n-butoxide, they were not added at one time, but were mixed and added three times fraction by fraction. The resulting 
mixture was further stirred at 80 **C for 2 hours, and cooled to room temperature. Thereafter, a powder was separated 
from the cooled mixture by filtration. Rnally, the resulting powder was dried, and calcinated at 500 °C fori hour. Thus, 
Ti and Zr elenf>ents are loaded on the alumina or active alurnna powder as Tl-Zr composite oxide. Note that, on the basis 

15 of the metallic conversion. Ti was loaded in an amount of 0.48 moles with respect to 1 20 grams of the alumina or active 
alumina powder, and Zr was loaded in an amount of 0.12 moles with respect thereto. 

The resulting alumina or active alumina powder with the PX and Tl-Zr composite oxide loaded was charged into a 
barium acetate aqueous solution having a predetermined concentration. The resulting mixture was stirred well, and 
dried to evaporate the water content. Thereafter, the residue was calcinated at 500 **C for 1 hour, thereby preparing an 

20 alumina or active alumina powder witii R. Tl-Zr composite oxide and Ba loaded. Note that, on the basis of the metallic 
conversion, Ba was loaded in an amount of 0.30 moles witii respect to 1 20 grams of the alumina or active alunrtina powder. 

970 grams of the thus prepared alumina or active alumina powder witii R, Tl-Zr composite oxide and Ba loaded, 
680 grams of an alumina sol including alumina in an amount of 10% by weight, and 290 grams of water were mixed, 
thereby preparing a slurry for coating. Then, a plurality of honeycomb support substrates formed of cordierlte were 

25 immersed into the slun-y, and tiiereafter each of them was blown to blow away the slurry in excess. Thereafter, each of 
the support substrates was dried, and was calcinated at 500 ^'C for 1 hour, thereby preparing a support having a coating 
layer ttiereon. Note that the coating layer was formed on the support substrate in an amount of 120 grams with respect 
to 1 liter of tiie support substrate. Thus, a plurality of automotive exhaust catalysts were prepared. Note that, as set fortii 
in Table 2 below, R was loaded on the support substrate in an arrwunt of 2.0 grams. TI was loaded in an anrwunt of 0.48 

30 nx)les, on the basis of ttie metallic conversion, Zr was loaded in an anKxint of 0.12 moles, on tiie basis of tiie metallic 
conversion, and Ba was loaded in an anKHint of 0.30 moles, on the basis of tiie metallic conversion, respectively, with 
respect to 1 liter of the support substrate. 

goCQnd Preferred Embpdlmgnt 

35 

Except that Ti was loaded in an anfx)unt of 0.30 moles, on the basis of tiie metallic conversion, and Zr was loaded 
in an anrx)unt of 0.30 moles, on the basis of the metallic conversion, respectively, witii respect to 1 liter of tiie support 
sut>strate. a plurality of automotive exhaust catalysts of the Second Preferred Embodiment were prepared in tiie same 
manner as ttiose of the First Preferred Embodiment. 

40 

Third Prefen^ed Embodiment 

Except that Ti vt^ loaded in an anrxHint of 0.1 2 moles, on tiie basis of the metallic conversion, and Zr was loaded 
in an anrxMjnt of 0.48 nrx)les. on the t)asis of the metallic conversion, respectively, with respect to 1 liter of the support 
45 substrate, a plurality of autonrxjtive exhaust catalysts of the Third Preferred Embodiment were prepared in the same 
manner as those of the First Preferred Embodiment. 

Fourth through Sixth Preferred Emtxxiiments 

50 Except that instead of tiie barium acetete aqueous solution, a sodium nitrate aqueous solution, a potassium nitrate 
aqueous solution, or a cesium nitrate aqueous solution was used, a plurality of automotive exhaust catalysts of the 
Fourth through Sixtti Preferred Enrtxxliments were prepared respectively in the same manner as those of tiie Rrst 
Preferred Embodiment. Note that, in tiie Fourth ttirough Sixtti Prefered Embodiments. Na, K or Cs was loaded in an 
amount of 0.30 moles, respectively, on tiie basis of the metallic conversion, with respect to 1 liter of tiie support sut>sbBte. 

55 

Seventh Preferred Embodiment 

600 grams of an alumina or activ alumina powd r was imm rsed into lliter of a dinitrodiammin platinum aqueous 
solution having a predetermined concenfration, tiiereby preparing a slurry. The resulting slurry was dried to evaporate 
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the water corrt nt, aix) thereafter was calcinated at 250 ''C for 1 h ur. Thus, a R-loaded alumina or active alumina 
powder was prepared, in which R was loaded in an amount of 2.0 grams with respect to 120 gams of the alumina r 
active alumina powder. 

A titania sol and a zirconia sol were added to arxi stirred with the R-loaded alumina or active alumina powder. The 
5 resulting mixture was dried to evaporate the water content and was calcinated at 500 ""C for 1 hour. Th reaft r, in the 
same manner as set forth in the First Preferred £nr4}odment. Ba was further loaded on the alumina or active alumina 
powder with R arxi Ti-Zr conrposrte oxide loaded, and the resulting alumina or active alumina powder with Pt Tl-Zr 
composite oxide and Ba loaded was coated on a plurality of honeycomb support sut>strates formed of cordierite to form 
a coating layer thereon. Note that Tl and Zr are loaded as Tl-Zr composite oxide on the alumina or active alumina powder 
10 wherein Tl was loaded In an amount of 0.30 moles, on the basts of the metallic conversion, and Zr was loaded in an 
amount of 0.30 moles, on the t>asis of the metallic conversion, respectively, with respect to 120 grams of the alumina or 
active alumina powder. 

Comparative Example No. 1 

15 

Except that tetraisopropyl titanate and tetra-n-butoxide zirconium were not used, a plurality of automotive exhaust 
catalysts of Comparative Example hk>. 1 were prepared in the same manner as those of the First Preferred Embodiment. 
The resulting automotive exhaust catalysts were naturally free from the Ti and Zr loading. 

20 Comparative Example Nos. 2 and 3 

Except that either one of tetraisopropyl titanate and tetra-n-butoxide zirconium was used, a plurality of autonxitive 
exhaust catalysts of Comparative Example Nos. 2 and 3 were prepared in the same manner as those of the Rrst Preferred 
Embodiment. Note tfiat, in the automotive exhaust catalysts of Comparative Example No. 2, Ti was loaded in an anKHjnt 
25 of 0.60 nfK>les. on the basis of the metallic conversion, with respect to 1 liter of the support substrate, and that, in the 
autonruTtive exhaust catalysts of Comparative Example No. 3. Zr was loaded in an amount of 0.60 nrx>les. on the t)asis 
of the metallic conversion, with respect to 1 liter of the support substrate. 

Comparative Example No. 4 

30 

600 grams of an alumina or active alumina powder, 185 grams of a zirconia powder, and 120 grams of a titania 
powder were mixed, and a R-Tl-and-Zr-loaded powder was prepared in the same manner as set forth in the Rrst Pre- 
ferred Enrixxiiment. 

On the resulting R-Ti-and-Zr-loaded alumina or active alumina powder, Ba was loaded in the same manner as set 
35 forth in the Rrst Prefen-ed Embodiment. Thereafter, the resulting R-Ti-Zr-and-Ba loaded alumina or active alumina 
powder was made into a slurry. Rnally, a plurality of hon^conri) support sut)strates formed of cordierite were immersed 
into the slunry to form a coating layer thereon, arxi were made into a plurality of autonx^ve exhaust catalysts of Com- 
parative Example No. 4 in the same manner as seA forth in the Rrst Preferred Embodiment. Note tfiat, in the resulting 
autonxitive exfiaust catalysts, R was loaded in an amount of 2.0 grams. Tl was loaded in an anrxHjnt of 0.30 moles, on 
40 the t)asis of the metallic conversion, Zr was loaded in an amount of 0.30 moles, on the fc>asis of the metallic conversion, 
and Ba was loaded in an anrxHint of 0.30 nrx>les. on the t>asis of the metallic conversion, respectively, with respect to 1 
liter of the support sut>strate. 

Examination arxi Evaluation 

45 

Each of the automotive exhaust catalysts of the Rrst through Seventii Preferred Embodiments and Conparative 
Example Nos. 1 tiirough 4 was disposed in a testing apparatus, and was examined for its NOx conversion in a transition 
area where a rich-side exhaust gas arxi a lean-side exhaust gas were flowed alternately for 2 minutes. Hereafter, the 
term "rich-side exhaust gas" means an exhaust gas. which stems from the combustion of a fuel-rich air-fuel mixture. 

50 and the term lean^ide exhaust gas" means an exhaust gas, which stems from the combustion of a fuel-lean air-fuel 
mixture. Table 1 below sets forth the compositions of the rich-side arxi lean-side nxxJel exhaust gases. Note that the 
rich-side and lean-side nxxiel exhaust gases were flowed at a rate of 2 liter/minute. The results of this NOx corrversion 
exanrunation are summarized as "LC. (i.e.. Initial Conversion)" in Tat>le 2 below. Note tfiat the temperature of the inlet 
exhaust gases was changed to three different tenperatures, e.g.. 250 ""C, 300 ""C and 350 Here, the NOx conversion 

55 is defined by the following equation: 

NO ^ Conversion (%) = 

{(1 - NOx ntration in Outiet Exhaust Gas)/(NOx Concentration in Inlet Exhaust Gas)} x 100 
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Then, each of the automotiv exhaust catalysts was sut>jected to a durability test In the durabilrty test, a rich- 
side exhaust gas including SO2 in an anrK)unt of 1 00 ppm was flowed for 4 minutes, and a lean-side exhaust gas including 
S02inanamountof 100ppmwasfk>wedfbr1 niinute.th reby constituting onedegradationcyde. Each of th autoniK>tive 
exhaust catalyst was exposed to 60 degradation cycles. Note that in the durability test, the temperatur of the inlet 
exfiaust gases was fixed at 550 ^'C. Thereafter, each of the automotive exhaust catalysts was examined for its NOx 
conversion in the transition area in the same manner as described atxTve. The results of this NO^ conversion examination 
are summarized as "C.A.D.T. (i a, Conversion after Durat>ility Test)" In Table 2. 



TABLE 1 



Composrtion 


02(%) 


NO (ppm) 


C3H6 (ppm) 


C0(%) 


H2(%) 


N2 


Lean-Side Model Gas 


7.86 


570 


1170 


0.19 


0.045 


balance 


Rich-Side Model Gas 


0.25 


0 


710 


1.07 


0.250 


balance 
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ltisunclefstoodfromTable2thattheNOxConversi ns after the durability test, which w r exhibited by the automotive 
exhaust catalysts of the First through Seventh Preferred Embodiments, were degraded less with respect to the initial 
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NOx conversions. Specifically, when comparing the degre of MOx conversion degradation, the values, which w r exhib- 
ited by the First through Seventh Preferred Embodiments, were smaller than the values, wtiich w re exhibited by Com- 
parative Example Nos. 1 through 4. This result implies that th automotive exhaust catalysts f the First through Seventh 
Preferred Embodiments were less poisoned by sulfur during the durability test than those of Comparative Example Nos. 
5 1 through 4. 

Corrparing th Rrst through Seventh Preferred Embodiments with Comparative Example Nos. 1 through 4, the 
automotive exhaust catalysis were Inhibited less from beng poisoned by sulfur when Tl or Zr was loaded indeperxJently. 
Further, the automotive exhaust catalysts were InhitMted less from being poisoned by sulfur when Ti and Zr were simul- 
taneously loaded as independent oxides. TTius, it is apparent that the autonrxstive exhaust catalysts can be Inhibited from 
10 being poisoned by sulfur eventually when Tl and Zr are loaded as composite oxide. 

Eighth Preferred Embodiment 

A titania (Ti02) sol and a zirconia (ZrO^ sol were mixed so that the molar ratio of Zr was 0.2 (i.e. , Zr/(n -i- Zr) = 0.2). 
15 The resulting sol mixture was stirred, dried at 80 ''C, and calcinated at 500 **C for 5 hours, thereby preparing a powdered 
support, which included Tl-Zr composite oxide. 

A predetermined amount of the powdered support was immersed into a dinitrodiammine platinum ^ueous solution 
having a predetermined concentration. The resulting mixture was stirred for 5 hours, dried to evaporate the water corrtent, 
and calcinated at 300 °C in air for 3 hours, thereby loading platinum (Pt) on the powdered support The loading amount 
20 of Pt was 2.0 grams with respect to 100 grams of the powdered support. Note that 1 00 grants of the powdered support 
is ec^ivalent to 1 liter thereof. 

Then, the powdered support with Pt loaded was immersed into a barium acetate aqueous solution having a prede- 
termined concentration. The resulting mixture was stirred for 5 hours, dried to evaporate the water content, and calcinated 
at 300 *C in air for 3 hours, thereby loading barium (Ba), working as \he NO^ storage compound, on the Pt-loaded 
25 powdered support. The loading amount of Ba was 0.3 nrales with respect to 1 00 grams of the powdered support. 

Finally, the Pt-and-Ba-loaded powdered support was treated by a hydrogen gas flow at 500 '^C for 3 hours, thereby 
preparing a powdered automotive exhaust catalyst of tfie Eighth Preferred EmtxxJiment. 

Ninth Preferred Embodiment 

30 

Except that the titania sol and the zirconia sol were mixed to prepare a powdered support, in which the vno\ax ratio 
of Zr was 0.5 (i e., Zr/(T1 + Zr) = 0.5), a powdered automotive exhaust catalyst of the Ninth Preferred Embodiment was 
prepared in the same manner as recited in the Eighth Preferred Entxxliment. 

35 T enth Pre f erred Embodime n t 

Except that the titania sol and the zirconia sol were mixed to prepare a powdered support, in which the molar ratio 
of Zr was 0.8 (i.e., Zr/(Ti + Zr) = 0.8), a powdered autonrxjtive exhai^ catalyst of the Tenth Preferred Enrtxxlimerrt was 
prepared in the same manner as recited in tfie Eighth Preferred Embodiment. 

40 

Eleventh Preferred EmtxxJiment 

Except that not only the titania sol and the zirconia sol txit also extra yttrium nitrate were mixed to prepare a powdered 
support, in which the nx)lar ratio of Zr was 0.2 with respect to tfie sum of Tl and Zr (i.e., Zr/(Ti + Zr) = 0.2), and yttrium 
45 (Y) was further included in an arrxxint of 1 0% by mole, a powdered automotive exfiaust catalyst of the Eleventh Preferred 
Errtxxiiment was prepared in the same manner as recited in the Eighth Preferred Embodiment The powdered support 
of tills embodiment included Ti-Zr-Y composite oxide. 

Twelftti Preferred Embodiment 

50 

Except that not only the titania sol and the zirconia sol but also extra yttrium nitrate were mixed to prepare a powdered 
support, in which the molar ratio of Zr was 0.5 with respect to tiie sum of Tl and Zr (l e., Zr/(Ti + Zr) = 0.5), and yttrium 
(Y) was furtiier Included in an anrKXjnt of 10% by nrole. a powdered automotive exhaust catalyst of ttie Twelftii Preferred 
ErrtxxJiment was prepared in the same manner as recited In the Eighth Preferred Embodiment. 

55 

Thirteenth Preferred Embodiment 

Except that not nly the titania sol and th zirconia sol but also exbB yttrium nitrate were mixed to prepare a powdered 
support, in which the nnolar ratio of Zr was 0.8 with respect to ttie sum of Ti and Zr (i.e.. Zr/(Ti + Zr) = 0.8), and yttrium 
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(Y) was further included in an amount of 1 0% by nrtole, a powdered automotive exhaust catalyst of the Tliirt nth Pre- 
ferred Embodiment was prepared In the same manner as recited In the Eighth Preferred Embodiment 

Fourteenth Preferred Embodiment 

5 

Titanium tetrachlorld , zircony) nitrate, and yttrium nitrat were mixed and stirred so as to produce precipitate. In 
which the molar ratio of Zr was 0.2 with respect to the sum of Ti and Zr (i.e., Zr/(Ti + Zr) = 0.2), and in which yttrium (Y) 
was further Included In an amount of 1 0% by rnc\e. Note that the precpltate was produced by a coixeciprtation process, 
In which urea and ammonium cart>onate were used as neutralizing agents. The resulting precipitate was washed, dried 
10 at 80 ''C, and calcinated at 500 for 5 hours, thereby preparing a powdered support, which included Tl-Zr-Y composite 
oxide. 

Finally, Pi and Ba were further loaded on the powdered support In the same manner as set forth In the Eighth 
Preferred Embodiment, thereby' preparing a powdered autonwtive exhaust catalyst of the Fourteenth Preferred Embod- 
iment. 

75 

Hfteenth Prefen^ed Embodiment 

Except that titanium tetrachloride, zirconyl nitrate, and yttrium nitrate were mixed arxJ stirred so as to produce pre- 
dphate, in which the molar ratio of Zr was 0.5 with respect to the sum of Tl and Zr (i e., Zr/(n + Zr) = 0.5). and in which 
20 yttrium (Y) was further Included in an amount of 1 0% by mole, a powdered automotive exfiaust catalyst of the Frfteentii 
Preferred Errtxxiiment was prepared in the same manner as set forth in tiie Fourteenth Preferred Embodiment. 

Sixt eenth Prg f e nr ed Errix xfim e n t 

25 Except that titanium tetrachloride, zirconyl nitrate, and yttrium nitrate were mixed and stin-ed so as to produce pre- 
cipitate, in whk^h the molar ratio of Zr was 0.8 with respect to the sum of Tl and Zr (i e.. Zr/(Ti + Zr) = 0.8), and in which 
yttrium (Y) was further included in an armunt of 1 0% by mole, a powdered autonrKitive exhaust catalyst of the Sixteerrth 
Preferred Embodiment was prepared in the same nnanner as set forth in the Fourteenth Preferred Embodiment. 

30 Comparative Example No. 5 

A predetermined amount of an alumina powder was Immersed into a dinitrodiammine platinum aqueous solution 
having a predetermined concentration. The resulting mixture was stirred for 5 hours, dried to evaporate the water content, 
and calcinated at 300 ^'C in air for 3 hours, thereby loading platinum (Pt) on the alumina powder. The loading amount of 

35 Px was 2.0 grams with respect to 1 00 grams of the alumina powder. 

Then, tfie alumina powder with Pt loaded was immersed Into a barium acetate aqueous solution having a predeter- 
mined concentratioa The resulting mixture was stirred for 5 hours, dried to evaporate the water content, and calcinated 
at 300 ""C in air for 3 hours, thereby loadir>g barium (Ba). working as the NO^ storage compound, on the Pt-loaded 
alumina powder. The loading anfKxmt of Ba was 0.3 moles with respect to 100 grams of the alumina powder. 

40 Finally, the R-and-Ba-loaded alumina powder was treated by a hydrogen gas flew at 500 **C for 3 hours, thereby 
preparing a powdered automotive exhaust catalyst of Conparative Example No. 5. 

Comparative Example No. 6 

45 Except that a powdered support was formed of a TIO2 powder alone, a powdered autonrxstive exhaust catalyst of 
Comparative Example No. 6 was prepared in the same manner as recited in the Eighth Preferred Embodiment. 

Comparative Example No. 7 

50 Except that a powdered support was formed of a Zr02 pcwder alone, a powdered autonrK>tive exfiaust catalyst of 
Comparative Exarrpte No. 7 was prepared In the same nnanner as recited in the Eighth Preferred Embodiment. 

Table 3 below summarizes the compositions, etc., of the thus prepared powdered automotive exhaust catalysts of 
tiie Eighth tiirough Sixteenth Preferred Embodiments as well as Comparative Exanrple Nos. 5 tinrough 7. 

55 Examination and Evaluation 

Each of th powd red aut nxntive exhaust catalysts of the Eightii through Sixt enth Pref nred Embodim nts arxi 
Comparative Example Nos. 5 through 7 was examined for its initial NOx purifying performanc as well as its NOx purifying 
peribrmance after a durability test. Each of them was pel letized by an ordinary process. Each of the pelletized autonx>tive 
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10 



exhaust catalysts was weighed out by 0.5 grams, disposed in a testing apparatus, and was examined for its NOx con- 
version in a transition area where a rich-side nrxxlel exhaust gas and a lean-side model exhaust gas were flowed alter- 
nately for 2 minutes. TatHe 4 below sets forth the conrpositions of the rich-side and lean-sid model exhaust gases. Note 
ttiat the rich-side and lean-side nxxiel exhaust gases were ffowed at a rate of 2 literAninute. The results of this NOx 
conversion examination are summarized as "Initial NOx Conversion" in TabI 3. Note that the temperature of the inlet 
model exhaust gases was changed to three different temperatures. e.g.. 250 *»C. 300 **C and 350 **C. Her . th NOx 
conversion is defined by the following equation: 

NOx Conversion (%) = 

{(1 - NOx Concentration in Outlet Exhaust Gas)/(NOx Concentration in Inlet Exhaust Gas)} x 100 



Then, each of the pelletized automotive exhaust catalysts was subjected to a durability test In the durability test, 
a lean-side model exhaust gas including SO2 in an eimourrt of 400 ppm was flowed for 4 minutes, and a rich-side model 
75 exhaust gas including SO2 in an amount of 400 ppm was flowed for 1 minute, thereby constituting one degradation cycle. 
hJote that, in this durability test each of the pelletized automotive exhaust catalysts was weighed out by 1 gram, and 
was exposed to 15 degradation cycles. Also note that, in the durability test, the temperature of the inl^ nrKXiel exhaust 
gases was fixed at 600 ^'C. Thereafter, each of the pelletized autonrK>tive exhaust catalysts was examined for Its NOx 
conversion in the transition area in the same manner as described above. The results of this NOx conversion examination 
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are summarized as "NO^ Conversion after Durability TesT in Table 3. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



O B 

• fl 

n 

o y 
m 0 

C CO » 

O I ^ » 

Qjawo n 
u m • u 

^ 3 CQO U 
COpO K 

o fr« ro M 

U n 

O Q 

in u 

CM U 

u 
a 

B 

n 

o D 

• D 
a 

o n 
tn H 
c ma 



n 
a 

n 
u 
p 

D 

a 
n 
n 
n 
n 

D 

It 

n 
u 
n 

M D 
~ D 
id D 
U 
U 

a 
n 
u 

H 

u 

D 



u 
> 
«a o 

■p 



u 

o u 

• 0 



o n 
o n 
en a 
a 
n 

COM.* n 
M 3K w a 
O 0 

in n 

CM X 

d 
u 
a 

M D 

c+>^ « 
•H c o a 

« o o a 
<s Q a B a 

a 

«. 8 

^ 3 gj B 
— * II 
» 
» 
a 
a 
a 
a 
a 
a 
u 
0 



0 ^ 
n 
u 
n 

n N 

H 

II 
u 

» 4^ 

a u 
a o 



n 
a 
a 
u 
n 

*-i tt 
•a: a 
a 
n 

_ _ ^ u 
a o. o>* n 
0 3 c-^ It 
0 CO o -P It 
n ^ CO n 
a *o •P0£ n 
a o-^-i u 
U |4 10 £« N a 
a (D O ca tt 
0 'o cUfH a 
D » BO a 
tt o QZ*^ a 
Ou O'^E-* a 
a a 
a 
a 
a 
a 
a 
a 
a 
a 



^incNjt^incot^co^ 



ISSSSSmininin 



S5?vSSin>ovONO 



fvs t^CUO^CMCO OS to 



,~ONOcM<Mmtnin>o 
cj^o^ooo^c^oo a^cj^co 



o CO c^-CAONin-vinflO 
o^ooooooooco o^<7^a> 



oococococococococo 

• • • • * • 

o o o o o o 



CM 

o 



• ■ 



ooooooooo 

CMCMCJCMCMCMCMCMCM 



in 
o 



oo 

€3 



CM 

o 



tn 
o 



CO 

o 



CM 

o 



in 
o 



CO 
o 



1 


1 


1 


o 


o 


o 


o 


o 


O 1 


1 


1 




CM 


in 


GO 


CD 


in 


CM 


00 


in 
^ 


CM 1 
t- 1 


1 




o 


o 


o 


o 


O 


o 


o 


o 


o 


O 1 








oo 


in 


CM 


CM 


in 


oo 


CM 
t- 


in 


CD 1 
»~ 1 


1 


o 


1 


o 


o 


O 


o 


o 


o 


o 


o 


O 1 







4* 

tuts 

II 



fe§|s|S2§2§£|2||| 



£ O 



CO 

CM CM 



CM 

CM CO 



CO 



<7V %0 

00 oo 



<7\ as 



CO CO 
0% CO 



CO CO 

o o 



o o 

CM CM 



u 
u 
a 
n 
a 

• in -^o • c— n 

* i-.i-.i! 



55 



13 



EP0707 882A1 



TABLE 4 



(Domposrtion 


02(%) 


NO(ppm) 


C3H6 (ppm) 


CO(%) 


H2(%) 


N2 


Lean-Side Model Gas 


7,86 


570 


1170 


0.19 


0.045 


balance 


Rich-Side Model Gas 


0.25 


0 


710 


1.07 


0.250 


balance 



10 

It is appreciated from Table 3 that the pelletized automotive exhaust catalysts of the Bghth through Sixteenth Pre- 
ferred Embodiments were better than those of Comparative Example Nos. 5 through 7 in terms of the NOx purifying 
performance after the durat>ility test. This advantage is believed to result from the fact that the Tl-Zr composite oxide 
support is less likely to adsorb SO^ thereon than the alumina support 

15 Further, the pelletized automotive exhaust catalysts of the Eighth through Tenth Preferred Embodiments were supe- 
rior to those of Corrparative Example Nos. 6 and 7 in terms of the initial NO^ conversion and the NOx conversion after 
the durability test. This advantage was apparently produced by making the support from the Tl-Zr corrposite oxide. For 
Instance, it is believed that the heat resistance and acicfity of the pelletized autonru>tive exhaust catalysts of the Eighth 
through Tenth Preferred Embodiments were enhanced by the Tl-Zr composite oxide support, and the enhanced prop- 

20 erties resulted in the advantage. 

Furthermore, it is understood that by further compositing the Ti-Zr corrposite oxide powder with yttrium, the pel- 
letized autorTKrtive exhaust catalysts of the Eleventh through Sixteenth Preferred Embodiments were upgraded in temns 
of the NOx conversion after the durability test It is believed that the heat resistance of the pelletized automotive exhaust 
catalysis of the Eleventh through Sixteenth Preferred Embodiments were improved by further compositing the Ti-Zr 

25 composite cxide support with ytfriwn. 

Moreover, the comparison of the test results exhibited by the preferred embodiments reveals the following; namely: 
when the Tl-Zr corrposite oxide support was made from the TIO2 sol and the Zf02 sd (e.g.. Eighth through Tenth Pre- 
ferred EntxxJiments), the larger the molar ratb of Zr (i.e., Zr/{n + Zr)) was, the smaller NOx conversion the pelletized 
autorrxTtive exhaust catalysts exhibited. It is apparent that an optimum result was produced when the molar ratio of Zr 

30 fell in the range of from 0.2 to 0.5 especially. Even when the Ti-Zr-Y composite oxide support was made by the co- 
predpitation process (e.g.. Fourteenth through Sixteenth Preferred Entxxiiments). it is similarly appreciated that an 
optimum advantage was effected when the molar ratio of Zr fell in the range of from 0.2 to 0.5 especially. 

Having now fully descrifc>ed the present invention, it will be apparerrt to one of ordinary skill in the art that many 
changes and modifications can be made thereto wittiout departing from the spirit or scope of the present invention as 

35 set forth herein including the apperxJed claims. 

Claims 

1 . A catalyst for purifying exhaust gases, comprising: 
40 an alumina support; 

a Tl-Zr conrposite oxide loaded on said alumina support; 

at least one NOx stor^e corrpound selected from the group consisting of alkali metals, alkaline-earth metals 
and rare-earth elements, baded on said alumina support; and 
a noble metal element loaded on said alumina support. 

45 

2. The catalyst according to Claim 1 . wheran said Tl-Zr composite oxide is loaded in an amount of from 1 to 80 grams 
with respect to 100 grams of said alurruna support 

3. The catalyst according to Claim 1 . wherein said Ti-Zr conrposite oxide contains 71 in a range of from 1/9 to 9/ 1 by 
50 nrx>lar ratio with respect to Zr. 

4. The catalyst according to Claim 1 . wherein said NOx storage compound is loaded in an anrx>unt of from 0.05 to 0.5 
moles with respect to 100 grams of said alumina support. 

55 5. TTie catalyst according to Claim 1 , wherein said notrfe metal element is at least one element selected from the group 
consisting of platinum (Pt), palladium (Pd). and rhodium (Rh). 
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6. The catalyst according to Claim 5, wherein said noble metal element is at least one element selected from the group 
consisting of FX and Pd» and loaded in an amount of from 0. 1 to 20.0 grams with respect to 1 00 grams of said alumina 
support. 

7. The catalyst according to Claim 5, wherein said noble metal catalyst is Rh, and loaded in an annount of from 0.001 
t 1 .0 gram with respect to 1 00 grams of said alumina support. 

8. The catalyst according to Claim 5. wherein said Rh is loaded in an anK)unt of from 0.001 to 1 .0 gram, and said FX 
and/or said Pd is loaded in an amount of from 0.1 to 20.0 grams with respect to 100 grams of said alumina support. 

9. The catalyst according to Claim 8. wherein said Rh is loaded in a molar ratio of 1/3 or less with respect to a loading 
anrxHint of said R and/or Pd. 

1 0. The catalyst according to Claim 1 . wherein said noble metal element is loaded on said alumina support after loading 
said Tl-Zr composite oxide. 

11 . A catalyst for purifying exhaust gases, comprising: 

a support including a corrposite oxide, the composite oxide being formed of titanium (Ti) and zirconium (Zr); 
at least one NOx storage compouxi selected from the group consisting of alkali metals, alkaline-earth metals 
and rare-earth elements, loaded on said support; and 
a noble metal element loaded on said support 

12. A catalyst for purifying exhaust gases, comprising: 

a support inducfing a composite oxide, the composite oxide being formed of titanium (Ti). zirconium (Zr) and 
yttrium (Y); 

at least one NOx storage compomd selected from the group consisting of alkali metals, alkaline-earth metals 
and rare-earth elemerrts. loaded on said support; and 
a noble metal element loaded on said support 

13. The catalyst accorcfing to Claim 11 or 12. wherein said composite oxide contains said Zr in a range of from 0.2 to 
0.5 by nrK>lar ratio with respect to said Ti and Zr. 

1 4. The catalyst according to Claim 1 1 or 1 2, wherein said support is coated as a carrier layer on a surface of a monolithic 
support sut)strate. a metallic support sut)strate or a pellet-shaped substrate. 

15. The catalyst according to Claim 1 1 or 12. wherein said support forms a iTx>nolithic support substrate or a pellet- 
shaped substrate. 

16. The catalyst according to Claim 1 1 or 1 2. wherein said NOx storage compound is loaded in an anrxxint of from 0.05 
to 1.0 mole with respect to 100 grams of said support. 

17. The catalyst according to Claim 1 1 or 12. wherein said noble metal element is at least one element selected from 
the group consisting of platinum (Pt). rhodium (Rh). pall^ium (Pd). gold (Au) and silver (Ag). 

18. The catalyst according to Claim 1 1 or 12. wherein said nMs metal element is baded in an annount of from 0.2 to 
40.0 grams with respect to 100 grams of said support. 
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